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FOREWORD 


This  report  me  prepared  by  Calvin  College,  Grand 
Kapide,  Michigan,  for  the  AT  Aero  Propulsion  Labors- 
at  Wright-Pattereon  Air  Force  Baae,  Ohio,  on  Con¬ 
tract  No.  AF  33(615)-3292.  Mr.  J.  E.  Cooper  ie  tank 
engineer  for  this  project. 


The  work  covered  by  thia  report  was  accoapllshed  under  Air  Force  Contract  AF 
33(615)-3292,  but  thle  report  ie  being  published  and  diatributed  prior  to  Air 
Force  review.  The  publication  of  thle  report,  therefore,  doea  not  constitute 
approval  by  the  Air  Force  of  the  findings  or  conclusions  contained  herein.  It 
is  published  for  the  exchange  and  stlnulation  of  ideas. 
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INTRODUCTION 


One  of  the  problems  eeeocleted  with  the  uee  of  zinc  electrodes  in  alkaline 
solutions  is  the  reaction  of  zinc  with  the  electrolyte  to  produce  hydrogen. 

This  reaction  has  two  disadvantages .  It  uses  up  the  zinc,  i.e.,  it  is  a  self- 
discharge  reaction.  Also, the  evolution  and  buildup  of  hydrogen  is  undesirable 
if  the  cell  is  to  operate  in  the  sealed  condition. 

The  reaction  can  be  described  as  a  corrosion  reaction.  Over  the  years 
there  has  been  considerable  interest  in  the  corrosion  of  zinc  but  hardly  any 
work  has  been  published  on  the  corrosion  of  zinc  in  alkaline  solution. 

Snyder  and  Lander  (1)  studied  the  evolution  of  hydrogen  froa  commercial 
tin**  electrodes  containing  2Z  polyvlnylalcohol  and  encased  in  a  cellulosic 
separator  material.  They  found  that  the  amount  of  hydrogen  evolved  in  a 
given  time  decreased  as  the  electrolyte  changed  from  30  to  45Z  KOH.  It  de¬ 
creased  with  increasing  HgO  content  up  to  42,  and  it  also  decreased  with 
decreasing  temperature.  Furthermore,  the  presence  of  zincate  in  the  electro¬ 
lyte  increased  the  amount  of  hydrogen  evolved. 

Ruetschl  (2)  also  studied  the  corrosion  rate  of  amalgamated  zinc  in 
alkaline  solutions.  His  experimental  arrangement  avoided  the  use  of  separators 
and  additives.  He  used  a  specified  weight  of  powdered  material  but  no  surface 
area  values  were  given.  Consequently,  the  rate  of  corrosion  per  unit  surface 
area  cannot  be  determined  from  his  data.  The  corrosion  of  amalgamated  zinc 
was  found  to  increase  with  increasing  temperature.  It  Increased  with  increasing 
KOH  concentrations,  contrary  to  the  results  of  Snyder  and  Lander  (1).  Further¬ 
more,  the  presence  of  zincate  ion a  decreased  the  rate  of  corrosion  except  in 
KOH  solutions  less  than  2  N.  Here  the  zincate  ion  appeared  to  have  a  catalytic 
effect. 

The  main  discrepancies  between  the  work  of  Ruetschl  and  that  of  Snyder 
and  Lander  are  (1)  the  effect  of  zincate  ion  and  (2)  the  effect  of  increasing 
KOH  concentration  on  the  corrosion  rate  of  amalgamated  zinc.  Some  of  this 
difference  may  be  due  to  the  way  in  which  the  data  were  obtained.  Snyder  and 
Lander  used  as  the  corrosion  rate,  the  steady  state  achieved  after  about  30  days. 
Ruetschl  started  taking  measurements  less  than  24  hours  after  the  zinc  and  KOH 
were  brought  in  contact  with  each  other.  Thus,  in  the  work  of  Snyder  and 
Lander,  the  electrolyte  composition  at  the  time  measurements  were  taken  was 
likely  somewhat  different  from  that  at  the  time  the  corrosion  began.  Further¬ 
more,  in  the  work  of  Snyder  and  Lander  the  corrosion  rate  was  likely  also  affected 
by  the  polyvinyl  alcohol  and  the  separator  material. 

The  present  work  on  the  corrosion  of  zinc  in  alkaline  solutions  was  under¬ 
taken  for  two  reasons:  (1)  because  so  little  work  has  been  reported  on  this 
natter;  and  (2)  to  establish  basic  lnformstion  on  the  effect  of  KOH  concen¬ 
tration,  amalgamation,  zincate  ion,  and  temperature  on  this  process.  These 
values  are  needed  so  that  one  can  determine,  with  such  information  as  a  back¬ 
ground,  the  effect  of  additives  and  impurities  on  the  corrosion  rate  of  zinc 
in  a  battery  system. 
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EXPERIMENTAL 


The  apparatus  consisted  of  a  sealed  glass  tube  about  2.5  x  20  ea.  to  vbich 
a  calibrated  pipette  was  attached.  The  entire  assembly,  except  for  the  outlet 
of  the  pipette  was  immersed  in  a  liquid  constant  temperature  bath.  Two  pieces 
of  zinc  (99.999%)  wire,  12.7  cm.  x  0.15  cm.  were  placed  in  the  electrolyte. 

Thus  the  surface  area  exposed  to  the  electrolyte  was  12  cm. 

As  hydrogen  was  evolved,  liquid  was  forced  into  the  pipette.  Consequently , 
the  rise  in  the  liquid  level  in  the  pipette  was  a  measure  of  the  rate  at  which 
hydrogen  was  evolved.  In  each  run  a  blank  (containing  no  zinc  wire)  was  included 
to  correct  for  minor  fluctuations  due  to  changes  in  barometric  pressure.  Cor¬ 
rections  were  also  made  for  vapor  pressure,  etc.,  and  the  results  were  then 
expressed  as  micromoles  of  hydrogen  evolved  per  sq.  cm.  of  electrode  area. 
Measurements  were  begun  within  an  hour  after  the  apparatus  was  assembled. 


RESULTS 

A  typical  set  of  data  is  shown  on  Figure  1.  The  slope  of  these  lines 
served  as  a  measure  of  the  rate  of  corrosion,  i.e.,  rate  of  hydrogen  evolution. 
This  rate  was  measured  in  20,  30,  35,  40,  and  452  KOH  and  in  these  same  solutions 
saturated  with  zinc  oxide.  Both  amalgamated  and  non-aaal gamated  zinc  electrodes 
were  used  and  every  run  was  made  at  two  temperatures :  25  and  44°  C. 

The  variation  of  the  rate  of  corrosion  with  these  differing  conditions 
can  be  seen  on  Figures  2-7.  Figure  2  shows  the  effect  of  temperature  in  plain 
KOH  solutions  while  Figure  3  shows  the  effect  for  solutions  saturated  with  ZnO. 

On  this  and  other  figures,  lines  are  drawn  through  most  of  the  data  points. 
However,  on  such  lines  minor  fluctuations  are  not  necessarily  significant. 

Some  duplicate  runs  were  made  and,  especially  at  the  lower  rates,  the  uncer¬ 
tainty  may  approach  +  202. 

In  the  plain  KOH  solutions.  Fig.  2,  temperature  seems  to  have  little  effect 
but,  surprisingly,  the  small  difference  that  there  is,  indicates  a  lower 
corrosion  rate  at  the  higher  temperature.  In  the  zlncate  solutions,  the  tem¬ 
perature  effect  also  is  small,  but  here  the  higher  corrosion  rate  generally 
occurs  at  the  higher  temperature.  In  any  event,  the  difference  in  corrosion 
rates  at  25  and  44°  is  small. 

Figure  2  also  illustrates  the  effect  of  KOH  concentration.  Increasing 
KOH  concentrations  bring  about  a  reduced  corrosion  rate  as  was  found  by  Snyder 
and  Lander  (I).  When  the  solutions  are  saturated  with  zlncate,  this  regularity 
does  not  exist  but  rather  the  corrosion  rate  increases  up  to  about  35%  KOH  and 
then  decreases.  Fig.  3. 

The  effect  of  zlncate  ion  can  be  seen  by  comparing  Figures  2  and  3,  but  it 
is  shown  more  directly  on  Figure  4.  The  solutions  designated  as  KOH  ZnO  were 
all  saturated  with  ZnO  so  that  the  zlncate  concentration  Increases  markedly  in 
going  from  20  to  45%'KOH.  Fig.  5  shows  the  effect  of  zlncate  ion  at  44°. 

Amalgamation  of  the  zinc  electrode  also  brings  about  a  marked  reduction 
in  the  corrosion  rate,  Fig.  6.  The  amount  of  amalgamation  was  not  varied  so 
that  the  effect  of  increasing  quantities  of  mercury  on  the  corrosion  rate  cannot 
be  determined  from  our  data. 
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It  la  Intereating  to  note  that  saturating  a  KOH  solution  with  ZnO  baa 
about  the  asm e  effect  in  reducirg  the  rate  of  corrosion  as  does  amalgamation, 
compare,  e.g..  Figures  5  and  6.  When  both  factors  are  present  there  Is  a 
slight  decrease  over  either  one  alone.  Fig.  7.  The  effect  of  temperature  and 
KOH  concentration  on  the  corrosion  of  amalgamated  sine  Is  shown  on  Figure  8. 


DISCUSSION 

No  other  reported  work  was  found  for  the  corrosion  rate  of  non-amalgamated 
zinc  In  KOH  solutions  except  for  a  few  data  reported  by  Snyder  and  Lander  (1). 
They  found,  as  we  have,  that  the  corrosion  rate  decreased  with  Increasing  KOH 
concentration. 

Amalgamation  reduces  the  corrosion  rate.  The  presence  of  zlncate  ion  also 
reduces  the  rate  of  hydrogen  evolution.  This  was  observed  by  Ruetschi  (2)  but 
not  by  Snyder  and  Lander  (1). 

The  temperature  Interval  used  In  this  work  was  too  small  to  compare  with 
that  used  In  other  work  (1,2).  However,  the  results  for  amalgamated  zinc  do 
agree  with  this  other  reported  work  so  far  as  comparisons  can  be  made.  The 
behavior  of  amalgamated  zinc  Is  definitely  different  from  that  of  non-amalgamated 
zinc.  The  corrosion  of  amalgamated  zinc  appears  to  reach  a  maximum  In  30  to 
35%  KOH  while  the  rate  for  non-amalgamated  zinc  decreases  with  Increasing  KOH 
concentration.  Further,  the  corrosion  rate  of  non-amalgamated  zinc  decreases 
1  going  from  25  to  44°  while  that  of  amalgamated  zinc  Increases. 

In  seeking  to  formulate  a  mechanism  for  this  reaction  several  other  factors 
must  also  be  considered; 

a  -  the  results  are  not  completely  reproducible; 

b  -  amalgamation  markedly  reduces  the  corrosion  rate; 

c  -  the  presence  of  zlncate  Ion  markedly  reduces  the  corrosion  rate. 


A  possible  mechanism  involves  the  following  processes: 


2  H20  +  2e  -►  82  +  2  OH" 

E°  -  -0.828 

(1) 

Zn  +  2  OH"  -*•  Zn(0H>2  +  2e 

E°  -  1.245 

(2) 

Zn  +  2  OH"  -*•  ZnO  +  H20  +  2e 

E°  -  1.248 

(3) 

Reactions  (2)  and  (3)  nay  each  Involve  several  steps  as 

in  the  anodic  treatment 

of  zinc. 


Combining  (1)  and  (2)  the  overall  reaction  is 


Zn  +  2  H20  +  Uj  +  Zn  (0H)2 

E°  -  0.417 

(4) 

Combining  (1)  and  (3)  gives 

Zn  +  H2O  +  ■  nO  +  H2 

E°  -  0.420 

(5) 

3- 


For  both  overall  reactions,  the  driving  force,  energetically,  is  favorable 
and  practically  the  same .  The  reason  the  reaction  is  as  slow  as  it  is,  arises 
fron  the  overvoltage  for  the  hydrogen  evolution,  reaction  (1).  The  initial 
rate  of  reaction  (4)  is 

rate  •  k4  (a^)2  (6) 

while  that  for  reaction  (5)  is 

rate  -  ^.a^  (7) 

A  plot  of  log  rate  vs.  log  Su?q  should  then  give  a  slope  of  2  for  reaction  (6) 
and  a  slope  of  (1)  for  reaction  (7).  Making  such  a  plot  of  the  data  in  ref.  (3) 
gives  a  slope  of  1.6.  A  similar  plot  of  our  data  for  plain  zinc  in  KOH  solutions 
at  25°  gives  a  slope  somewhat  larger  than  1.5,  Fig.  9.  This  may  mean  that  both 
reactions  (6)  and  (7)  take  place. 

This  mechanism  can  be  further  checked  against  the  results  we  have  obtained. 
Reactions  (6)  and  (7),  as  has  Just  been  shown,  do  agree  with  the  effect  of  KOH 
concentration  on  the  rate  of  corrosion,  and  the  quantitative  agreement  also  is 
good.  As  KOH  concentration  Increases,  the  activity  of  the  water  decreases, 
resulting  in  a  lower  rate  for  reaction  (1).  This  then  is  the  controlling 
process. 

Amalgamating  the  electrode  raises  the  hydrogen  overvoltage  considerably  , 
and  slows  down  reaction  (1)  which  again  limits  the  overa.M  corrosion  reaction. 

The  value  of  this  overvoltage  varies  with  temperature  and  KOH  concentration  (4) 
and  this  may  partly  affect  the  change  of  corrosion  rate  with  these  conditions. 

The  overvoltage  has  a  minimum  value  at  about  9  M  KOH.  The  corrosion  rate 
appears  to  have  a  maximum  value  at  his  concentration.  Fig.  8. 

When  ZnO  is  dissolved  in  KOH  solutions,  reaction  (8),  the  activity  of  the 
water  Is  lowered 

ZnO  +  H20  +  2  OH'  -►  Zn  (0H)4“  (8) 

and  this  should  decrease  the  rate  of  reaction  (1).  However,  the  rate  decrease 
that  was  observed,  e.g.  in  202  KOH,  was  far  greater  than  could  be  accounted 
for  by  this  process  alone.  Consequently,  some  other  or  additional  Influence 
of  zincate  ion  musi  be  present.  Ruetachl  (2)  suggested  that  the  corrosion  rate 
could  also  depend  on  the  rate  of  dissolution  of  interfacial  ZnO  or  Zn (OH) ,  . 

In  KOH  solutions  saturated  with  ZnO,  the  oxide  or  hydroxide  produced  by  the 
corrosion  reaction  cannot  dissolve  In  the  electrolyte.  Consequently,  it  remains 
on  the  surface  of  the  zinc  and  protects  the  zinc  underneath  from  further  reaction. 
The  extent  to  which  the  zinc  is  protected  depends  on  the  porosity  of  the 
corrosion  product.  This  same  phenomenon  could  account  for  the  lack  of  complete 
reproducibility.  Our  solutions  were  not  shaken  during  the  course  of  a  given 
determination.  For  the  corrosion  product  to  continue  to  dissolve,  it  was  then 
necessary  for  that  which  had  dissolved  to  be  transported  away  from  the  zinc 
surface  either  by  diffusion  or  convection.  Our  results  then  were  modified 
somewhat  by  the  randomness  of  this  material  transport. 
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•ccouS  f,n^i0a,  5Mct*on8  <*>  to  (3)  serve  ••  .  satisfactory  Mchwl®  to 

th!t  b«n  observed.  With  pur.  *iZ  thTJS".. 
by  F***tlon  Wt!l  «a^.g«aat.d  *inc,  r  Met  ion  (1)  i«  eh. 

1.  nreaSnt*0*1***..**0*/??  0t  Ch*  W,*h*r  Mrog«x  overvoltage,  When  xincate  ion 
i.  ptunt •  rMction  (2)  or  (3)  becoaes  the  Halting  on..  100 

xinc  for,^  th8  fact  tbat  th*  corrosion  ret.  for  non-aaalgaaated 

cJiL^L  mSS?  T1  at  44  th“  mt  25  •  »*•  c*nnot  be  attributed  to  de- 

t^rS^rliMf  7^I!!ter  0t  CO  ^crM8ln«  Mrogen  overvoltage  e.  the  teapera- 
z^on?  !ai!d'  Furthar*  *Buld  «»pect  the  rate  of  dissolution  of  ZnCJoT 
!H8reat*r  at  the  hi8her  teaperature.  This  leave,  as  a  Jo.sJble 
th*  8u8*e«tion  that  the  corroaion  product  at  44°  i.  mo^ dense  than 

£S  J  the" hi char  prof“  aff"da  *  «*•  complete  covert t£T 

xtnc  the  higher  teaperature  and  lowers  the  corroaion  rate.  It  baa  been 

*■»* 

wimble  t“n2fo+  VSi0U8  typeaP°^2®<0H>2^  ^therare^  *** 

SS  BzrBr  2  ssr- 

«?s :  ss-rr 


PROGRAM  POR  NEXT  QUARTER 


attemPt  w±f1  be  “ade  to  get  more  experimental  information  about  the 

i  Wh^Ch  *  Z±OC  electrode  become,  passive  during  anod£  treatment 
attempts  will  also  be  made  to  study  and  prepare  sine  hydroxidf.  treatment. 
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CAPTIONS  FOR  FICURES 


Figure  1.  Ret*  of  hydrogen  evolution  from  non-amalgamated  line 
et  25°  C. 

Figure  2.  Rate  of  hydrogen  evolution  from  non-amalgamated  line  as  a 
function  of  KOH  concentration  and  temperature. 

Figure  3.  Effect  of  dissolved  ZnO  on  the  rate  of  hydrogen  evolution 
from  non-amalgamated  sine.  All  solutions  are  saturated 
with  ZnO. 

Figure  4.  Rate  of  hydrogen  evolution  from  non-analgamated  line 
at  25°C. 

Figure  5.  Rate  of  hydrogen  evolution  from  non-amalgamated  zinc 
at  44°C. 

Figure  6.  Rate  of  hydrogen  evolution  at  44°C. 

Figure  7.  Rate  of  hydrogen  evolution  from  amalgamated  zinc  at 

44°C. 

Figure  8.  Rate  of  hydrogen  evolution  from  amalgamated  zinc  In 
KOH  solutions. 

Figure  9.  Log  rate  vs.  log  ag20  plot  for  hydrogen  evolution  from 
zinc  In  KOH  solutions  at  25°C. 
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II-  abstract 


The  corrosion  rate  of  zinc  in  KOH  solutions  has  been  measured  under  a 
variety  of  conditions.  Amalgamation  and  the  presence  of  sincate  ions 
lower  this  rate  of  oorrosion.  The  effect  of  increasing  KOH  concentration 
on  the  rate  of  corrosion  is  different  for  non-amalgamated  ainc  than  for 
amalgamated  zinc.  The  temperature  effect  is  also  different  for  the  two 
types  of  zinc  electrodes 
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